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General Information 



The Foundation provides awards for research in the sciences and engineering. The awardee is 
wholly responsible for the conduct of such research and preparation of the results for publica- 
tion. The Foundation, therefore, does not assume responsibility for the research findings or 
their interpretation. 



The Foundation welcomes proposals from all qualified scientists and engineers and strongly 
encourages women, minorities, and persons with disabilities to compete fully in any of the 
research related programs described here. In accordance with federal statues, regulations, and 
NSF policies, no person on grounds of race, color, age, sex, national origin, or disability shall 
be excluded from participation in, be denied the benefits of, or be subject to discnmination 
under any program or activity receiving financial assistance from the National Science Founda- 
tion. 

Facilitation Awards for Scientists and Engineers with Disabilities (FASED) provide funding for 
special assistance or equipment to enable persons with disabilities (investigators and other 
staff, including student research assistants) to work on NSF projects. See the prog^^um an- 
nouncement or contact the program coordinator at (703) 306-1636. 

The National Science Foundation has TDD (Telephonic Device for the DeaO capability, which 
enables individuals with hearing impairment to communicate with the Foundation about NSF 
programs, employment, or general information. 

To access NSF TDD dial (703) 306-00^); for FIRS, 1-800-877-8339. 

Any opinions, findings, conclusions, or recommendations expressed in this report are those of 
the participants and do not necessarily reflect the views of the National Science Foundation. 
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In Memoriam 



Workshop participants were saddened to learn that 1'. Karl W'illenbrock, a 
respected leader in the engineering profession and keynote speaker at the 
W'orkshop, died on August 2^, 1995. Karl's professional contributions in- 
cluded service as Provost at the State University of New York-Buffalo: Director 
of the Institute for Aj-)plied 'lechnology of the Nabonal Bureau of Suindards: 
Dean of Engineering ai Scuilhern Methodist Uniwrsiiy; Executix e Din^cior of 
ihe American Society for Engineering Education; Senior Scientist for the 'lech- 
nology Administration c^f the Commerce Department; and Assistant Director 
for Scientific, Technological, and International Affairs of the National Science 
Fecundation. In 1989 he organized and chaired the NSF-sponsored lask fccrce 
that produced the repori, Impcmiirt^s in liiclcr^rculiiatc Hdnca- 

lion: Issues and Aclions, known as the “Belmonl Report." 'I'he lask force 
recommendations became the basis for a major NSE investment in systemic 
reform of undergraduate engineering ediK'alion through establishment of the 
Engineering Education (x)alitions. Those of us who labor lor engineering 
ediu'ation reform will miss KaiTs leadership, his wisdom, and his f riendship. 
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Introduction 



Today s engineering students will spend most of 
their careers in the 21st Century, coping with 
challenges and opportunities vastly different from 
those most currently-practicing engineers have faced 
in their professional lives. I'he shift from defense to 
commercial competition as a major dri\ er for engi- 
neering employment: opportunities offered by intelli- 
gent technology to he more creati\e and “work 
smarter;** an expanding .social infrastaicture that de- 
mands a talent for complexity; an eclectic, constantK - 
changing work environment calling for astute inter- 
personal skills; and massively integrated populations 
placing environment, health, and safety at the front 
end of design will require engineers w hose intellectual 
skills include, but extend well beyond, the traditional 
science-focused preparation that has characterized en- 
gineering education since VC'orld War II. Progressive 
indiistiy leaders and far-sighted educators urge refo- 
cusing engineering educatioi: to emphasize the intel- 
lectual skills needed by the practicing engineer of the 
21st Centuiy 

Multiple reports over the past ten years, listed in 
.Appendix A. show remarkable consistency in the attri- 
butes they recommend for the new breed of engineer- 
ing graduates. They also agree that systemic change in 
engineering education will rec|uire a concurrent 
change from the predominant engineering school aca- 
demic culture based on ct)mpartmentalization of 
knowledge, individual sjU'Cialization. and a resea. ^ h- 



based reward structure to one that values integration 
as w'ell as specialization, teamwork as w'ell as individ- 
ual achievement, and educational research and inno- 
\'ation as well as research in the engineering sciences. 
To enable such a culture change is undoubtedly the 
greatest challenge facing engineering education re- 
form. 

As a catalyst for future action, the NSP Tngir.ee ring 
Directorate com'ened a w'orkshop in July 1995 with 
the theme, Systemic Engineering Education Reform. 
An Action Agenda. The 43 participants representing 
industry', government, education, private foundations, 
professional societies, the Engineering Deans Council, 
and ABET were charged to accept as given the consen- 
sus reflected in the reports of the past ten years or the 
desired characteristics of 21st Century' engineerin' d- 
ucation; to recommend steps to achieve these charac- 
teristics; and to identify the change agents responsible 
for each step. I hey were urged to keep in mind three 
questions: What*'' How? Who-' 

Key consensus recommendations resulting fre^n 
three days of deliberation arc listed in the following 
section. A description of the w’orkshop process and 
a “long list * of recommendations appear in Appen- 
dix B. The participants received three one- page 
background papers; these appear in Appendix C. 
the W'orkshop schedule in Appendix 1). and a list oi 
participants in .Appendix K. 





Key Recommendations 



The Action Agenda 

In sumiiiaiy. the workshop panicipants ivcom- 

iiKMidcd. 

I . 'l liat a broad segment (')f faculty he iiwolvcd in the 
discussion and implementation of this action 
agenda for systemic engineciing education re- 
form. This involvement should be stimulated aiid 
led by engineering deans, but other approaches 
should be explored for motivating and realizing 
faculty participation. 

1. I hat NSh' encourage proposals for programs in 
which faculty and institutions adopt, adiipt, and 
institutionalize successful educational inno\'Li- 
lions, including transition to full institutional su])- 
port by the end of the furiding ]'>e! iod. 

s That NSl- fund ccdlaborativc development and use 
of a nationwide infrastructure, including equip- 
ment. that enables inter-institutional communica- 
tion and sharing of rcs(Hirccs related lo emergirig 
iniormation technologies, along with software 
and multimedia tools for curriculum innovatiori, 
e\ aluation, and im]')lemcntation. 

i That NM*' fa^ r'itate partnerships amcnig engineer- 
ing schools, among employers of engineering 
giaduales. and among members of both groups. 
St riK lured to otlei in(\‘nii\A's to each ot the parties 
involved, that will: (a) form relationships to sup- 
[x>ri llu' new paradigm (or undergraduate engi- 
neering education, (b) provick* transfer t)l kiK’-wi- 
edge among the partici]')anis; and (c> larget 
lifelong learning and graduate engineering educa- 
tion 

^ riiai. in identifying (q'jportunities lor iiuestment 
in engineering education icTorm, NSl*, the Cajali- 
lions, and indi\idual uni\ c*rsiiic*s place sigmlieant 
emphasis t>n ik-vc'lopmc’nt and de]')lo\iuenl ol 
lc\ lint )logies .md uulhodologic's that c nai'jle inch 
\iclii.ils to wotk sniailc*r. " i c* . to augmcaii thcar 



ability to learn and create, both as students and as 
practicing engineers. 

6. 'I'hat NSF fund programs to enhance the academic 
stature of paiticipation in systemic engineering 
education rel'orm and change the faculty culture 
so that educational research and teaching are val- 
ued as scholarly activities and incorporated into 
the faculty rew ard system 

7. 'That NSl' establish a committed steering group 
w ho w ill stay watli the vision and process to stim- 
ulate implementation and institutionalization of 
systemic engineering education reforni. 

Next Steps 

Successful ini]')lementation oi this Action Agenda 

recjuires the active partnershi]') of multiple in.siitutions 

Lind groups. Next steps and the responsible entities 

include; 

• NSF Staff; formulate programs to suppoit the .Ac- 
tion Agenda, including rcLilloCLilion of funding lis 
necessaiy. 

• The Engineering Deans Council and Individ- 
ual Deans: be sti(’)ng, vocal advoc'ates for the 
AclicMi Agenchi, enlisting the support of faculty 
IcLiders, key em]')loyers, Lind exteriiLil \isiting com- 
mittees, luhI use resoure'es lU their disj'iosLil to 
encouiLige Lietive pLirticipLition in engineering ed- 
ucation reform. 

• ABET: continue its reform of engineering accred- 
ilLition criteria Lind processes to encouiLige, Lind 
not inhibit. eduCLitioiiLil innovLition. 

• NSF and Engineering Deans’ Leadership: 

identity and work wath engineering employer 
groups to develop Lind refine industiv. educLition 
pLirtnerships to support llie .\cium .Agenda 

• NSF: establish the sl(.‘eriiig gioiip ideniili<,d m 
KecomniendLition ^ Libow 
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Appendix A: 

Selected Engineering Education Publications, 1985—1995 



1 . "Engineering Education and Practice in die United 
States." National Academy Press, 1985. 

1. "I Undergraduate Science. Mathematics, and Engi- 
neering Education,” National Science Board, NSB 
86 - 100 . 1986 . 

'Quality of Engineeiing Education,” Pinal Keport 
of the Quality of Engineering Education Project. 
American Society for Engineering Education. Sep- 
tember 1986. 

I. laigineering Education Answers the Challenges 
ol the Future.” Proceedings of the National C'on- 
gress on Engineering Education, Accreditation 
Board for Engineering and 'fechnology, Inc.. No- 
vember 1986. 

5. "A National Action Agenda for Engineering Edu- 
cation.” Repoit of an ASEH Task Force (E. E. 
David, jr., C'hair), American Society for Engineer- 
ing [‘xlucation, 1987. 

(). "W orkshop on Engineering - Ajiril 1988.” Report 
of the NSI' Disciplinaiy W^orksliops on Undergrad- 
uate Education, pp 51-55, NSF 89-3, National Sci- 
ence I'oundation, 1989. 

Karl W'illenbrock ci ai. ‘ Imperatives in Under- 
graduate Engineering Education: Issues and Ac- 
tions," Report of an NSI' Ad //oc 'Eask Force. Au- 
gu-st 1989U'the Belmont Conference"). 

8. 'Education and C'ontinuing De\elopment of the 
(a\ il Engineer," Proceedings of an ASCd: National 
I'oriim, n-20 April 1990, American Sociery for 
( a\ il Engineers, 1990. 

9 Roland V. Schmidt, Letter Report to E W'. Ernst of 
an NSF-Sponsored NAE W'orkshop on ‘‘I-ngineer- 
ing. Engineers, and Engineering Education in the 
21st Centuiy,” 9 May 1990. 

lit ‘.'\n Engineering Look I'orward New Decade, 
New Centuiy. .New .Millennium.” Proc eedings of 
the 1990 ABET Annual Meeiing, 17-18 October 
1990. Accreditation Bixird I'or E.ngineering and 
Tec hnology. Inc 

1 I ■ \nK..cas Acadc'imc Eiitiiie.” Report of the Presi- 
dential N'oiing Investigaloi ( A)llo(]uiiim on US 



Engineering. Mathematics, and vScience Education 
for the Year 2010 and Beyond, NSF 9M50. Na- 
tional Science Foundation. 1992. 

12. “Engineering Education Issues: Report on Survey 
of Opinions by Engineering Deans and Employers 
of Engineering Graduates on First Profe.ssional 
Degree,” NS PE Professional Engineers in Educa- 
tion Sustaining University^ Program, NSPE Publica- 
tion 3059, National Society of Professional Engi- 
neers, November 1992. 

13- Joseph Bordogna, Eli Fromm, and Edward Ernst, 
"Engineering Education: Innovation Through In- 
tegration,” Journal of Engineering Education. Vol 
82. No. l,pp 3-8(1993) 

14. J. Harris, Eugene M. DeLoatch, Wdlliam R. ( jrogan, 
Irene C. Peden, and John R. Whinneiy, 'Journal of 
Engineering Education Round Table: Reflections 
on the GrLiter Repeal,” Journal of Engineering 
Education, Vol 83, No. 1. pp 69-94 (199!) (in- 
cludes as an Appendix the Grinter Report, issued 
in September, 1955). 

15. ‘'Engineering Education for a C.'hanging W'orld.” 
RepcMt of a Joint Project of the ASEE Engineering 
Deans Cloimcil and Corporate Roundtable, Ameri- 
can Scx'iety for Engineering Education. 199 i. 

16. “Industry^ 2000: I'echnical Vitality 'Fhrough Con- 
tinuing Education." Report of a workshop con- 
ducted by the IEEE Educational Activities Board in 
May 1994, Institute of Electrical and Electronics 
Engineers. Inc.. 1995. 

P ‘Restructuring Engineering Education. A I'ocus on 
C^hange,” Report of an NSI' W^irkshop, NSI' 95-65, 
National Science I'oundation, 1995. 

18. "Engineering Education: Designing an Adaptive 
System.” Report ol the NRC Board on Engineering 
Education, National Research c'ouncil, 1995. 

19 John II. McMasters and James D. Lang, ‘‘luihanc- 
ing Engineering and Manufacturing Education: In- 
dust ly Needs, Industty' Roles.” presented at the 
1995 A\Sld- Annual ( ionleience and Exposition. 
June 25-28 1995, American Soc iety lor F.ngmeer 
mg Education. 
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Appendix B: 

Workshop Process and Aggregate Recommendations 



Workshop Process 

'I'hc workshop parlicipLUUs met in plenaiy session 
for the first afternoon heard presenta- 

tions that outlined the background and rationale for 
current engineerng educatiem ixdbrm initiati\'cs, 

’I hcse presentations also emphasized the high degree 
of consensus among a I'jroad lange of stakeholders 
about the attributes needed by engineering graduates 
for effective participation in the 21st C'.entun' w'ork 
force and the needed changes in the educatic'jnal para- 
digm that will allow students to de\ clop these attri- 
butes 

On the nu^rning of the secemd diiy (July 12) partici- 
pants were divided into four small groups, each 
charged to define an action agenda to implement the 
new paradigm in a timely mannei', Lind to identify the 
change agents responsible for eiich action. At the start 
of the afternoon, participants were redivided among 
four new' small groups, prox ided wid* all lecommen- 
dations from the morning small group nieetings, and 
asked to combine and refine these to produce li le- 
vised action agenda by the end of the day 'I'hat eve- 
ning. the workshop and small group leaders discussed 
the recommendations and prepared a combined set 
ibr discussion by all participants on the hdlowing 
m< ailing (July 13). I'he final plenaiy discussion pro- 
duced recommendatic')ns about both U7//l7‘should be 
ticcomplished by an action plan as well lis //OW’these 
results can be realized. I'he nui|or pLirt of the recom- 
mendations focused on \V7A17‘NSI' should do, either 
as direct action or as a stimulus for others, w ith antici- 
pated respon.ses from academe, industiy. Lind the en- 
giiieta ing profe.ssional societies. 

Aggregate Workshop Recommendations 

Recommendations for WHAT the Action IMan 
should seek to Liccomplish include a \ ision and goals 
lor NSI' and otheis. including engineering deims and 
faculties, prolessior.a! .slk ieties, the Ntitional Academx’ 
ot [.ngini * ung. industiy. and jM'wate f(Hindations 



I. NSF 

A. NSF is strongly encouraged to continue to 
supj^ort the integration of education and re- 
scLirch as enunciated in the four con* strate- 
gies of its Strategic Flan.* 

1 . Dcreloi) ititcUcctual capital. 

2. Strengthen the physical infrastmeture. 

Integrate tvsearch a7ul education. 

a. Promote pa rtn ersh ips . 

b. NSI- needs colkibc:)ration across the Fngineer- 
ing. Mathematics and Physical Sciences. Edu- 
cation and Human Resources. Lind cbmputer 
Lind Information Sciences Direcbnites to sup- 
port science, m;itheniatics, engineering. Lind 
technology curriculum renew'al. 

C NSI' needs mechanisms whereby the struc ture 
and management of NSF' prcjgiLims are e\ liIu- 
ated h\ their participants to enhance prognim 
effectiveness 

0. d'here must he consistency Lind c'ontinuity in 
Faigineering Directorate IcLidership. \ision, 
and implementLition, pLirlicularly for nuitters 
rehited lo educLition. 

1*^ I'undamental .structural changes are needed 
in the Engineering Education Canilitions pro- 
giLim to eiuible existing C'oalitions to sene as 
ni(')dels lor pLirlnerships Limong engineeiing 
schools LIS well LIS to become more '.ffec'livc* 
j')lLitlorms for ciiltuiLil cliLinge luitiorally. This 
will recjuire a collahoiLition and .i possible 
restriu'ti ed coopeiLitive relationshij') be- 
tween the c;oLi lit ions leLidership and tiie NSI- 
l-undameniLil cliLinges may include 
1 Expec't new entities or Lilternative struc- 
tures, and iVLilignment (')f Coalitions, lis 
possible outcc'imes. 

2. build life cycle Lind transition strategics 
into the stnitegic j')hin of c'Lich Coalition 
3 l)c*\c‘lop consistent mc'tiics toi c*\aliia- 
Hon. inc luding those* tlnil document the 
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retention to graduation of underrepre- 
sented groups. 

V. Objectives for new NSF programs include: 

1. Systemic, substantial, holistic curriculum 
reform: 

a ) interdisciplinaiy , vertically integrated 
real design projects, 

h) approaches to enai)le students to 
learn how to ‘ work smarter;” 

c) collaborations svith colleges of arts 
and sciences, business, and medicine 
in curriculum development; 

d) couplings between engineering tech- 
nology and engineering programs 
that emphasize complementary and 
evolving roles in the workplace. 

2. Bold experiments in the educational en- 
terprise, including radically different aca- 
demic organizational siaictures and pro- 
grams for professional master s degrees. 

3 Development of metrics and assessment 
models for educational research and for 
teaching that will enhance the academic 
stature of these activities and: 

a) change the faculty/academic culture 
and faculty reward system; 

b) recognize educational research and 
teaciiing as valuable scholarly acti\'i- 
tie^ 

(1. I'acilitate n \v/improved industIy^^u^iversity 
partnerships and government laboratory/uni- 
versity partnerships to: 

I . Identify' and produce case studies of suc- 
cessful collaborations. 

2 Form relationships that support the new 
paradigm lor undergraduate engineering 
education. 

3- Fro\ ide two-way transfer o\' knowledge 
iH’tween universities, industry', and gov- 
ernment laboratories 

1 'farget lifelong learning and graduate en- 
gineering education 

1 1 .Stimulate organizational structures and pt*da- 
gogical models to permit students to take re- 
sponsibility for their education. 

I Fncc 'urage e.stablishment of a database of in- 
lormation alxiut curricular, pedagogical, or 
ganizalional. and cullui.il reloim in engineer- 
ing edutatK HI 

I 1‘slablish a steering group ot 'true believers'’ 
who will Slav with the vision and proi.e.ss to 



stimulate systemic engineering education re- 
form 

II. Other*. 

A. Fngineering deans exercise leadership to en- 
gage a broad segment of faculty in the im- 
plementation of this Action Agenda for sys- 
temic reform. 

B. Engineering faculties and deans re-enipl asize 
quality teaching skills and interest as essential 
criteria for new faculty' appointments. 

C. Engineering faculties and deans structure en- 
gineering schools to be agile to meet chang- 
ing technologies and societal needs. 

D. Professional Societies and NAE provide more 
recognition of substantive contributions to 
engineering education in terms of awards, 
professional society fellowships, and NAE 
memberships. 

H. Determine appropriate mechanisms for in- 
dustiy and private foundations to support the 
action plan for systemic reform. 

Recommendations for HOW this vision and 
these goals can be realized include tasks both f(x* \SF 
and other groups. 

III. NSF 

A. Clear statements from NSF that: 

1. Each research proposal must include a 
plan illustrating how it w'ill contribute to 
the overriding educational mission of the 
university. 

2. Each education proposal must incorpo- 
rate a plan tor implementation and insti- 
tutionalization. including a commitment 
by the university administration to con- 
tinue suctesstul programs after NSl' 1 und- 
ing end>. 

B. Prop(;sals to NS I- for educational ivsearch: 

1 Must include a schc^larly. rigorous ap- 
proach to reseanii in ediu'alion 

2 Must include clear j)lans for evaluation 
and .self-assessment 

3. Must include meaningful industrial link- 
ages where appropriate. All proposals 
.should include a suiiement that indusuv 
involvement has been considered, isos 
not judged appropriate, and lu-^tilicalion 
|oi the decision 
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SiKxilci he reviewed by panels that in- 
clude specialists in educational innova- 
tion and formative educational assess- 
ment. 

S. May include the following formats spa^- 
nin" a breadth of potential collaboia 
tions, for example: 

a) individual grants. 

b) tcam/cioss-disciplinar^’ grants; 

c ) i'A )alitions cenleis: 

d) partnerships with indusiiy, colleges 
of education, etc. 

C] Possible restructuring of the Engineering Edu- 

cation (x)alitions could include; 

1 . (diangcs in the membership of the Coali- 
ti(')ns. 

2. Supplemental func^s for cioss-coaliiion 
targets of op poil unity. 

3 Supplemental funds h^r non-coalition 
.schools to ifaplement and lefine Coali- 
tion succe.sses. 

•i. Plans to transition meritorious Cx)aliiion 
programs with potential nationwide im- 
pact to the broader engineering commu- 
nity. 

1) Chant Oj^poilunities foi' Academic Liais(^n 

With Indu.stiy (COALI): 

1 Cairefully asse.ss h{)W well this progiam is 
working. 

2. Publicize the program in the industrial 
.sector to encourage fuilher imlustiy^'aca- 
demic c'ollaboralif)n. 

E . New Programs tor NSI- 1-unding: 

I. Connecting the woikshop group to the 
implementation of the Action Agenda. 

2 C comprehensive, systemic restructuring of 
all undergraduate engineering curricula, 
along with die supporting organization 
and techn()logies. at a single institution 
(possibly 1 untied jointly by sex’eral agen- 
cies). 

.S Projects to exploit* distriiiuted, collabora- 
tive resouix'e tle\’eiopment for shared in- 
formation 'communit'ation infrastructure 
anti use (this incliidt‘s access to ecjuip- 
menl relatetl to emeiging competitive 



technologies, along with .software and 
multimedia tools for collaborative curric- 
ulum development, evaluation, and im- 
plementation). 

'rransfer of successful educational pro- 
grams to other institutions and transfer of 
people between universities via visits, 
workshops, etc. 

5. Collaborations between colleges of engi- 
neering and education for develojiment 
of effective teaching and learning .strate- 
gies for undergraduate education and for 
curriculum development fo** pre-college 
teachers. 

6. Grants for: 

a) early faculty-teacher mentorships; 

b) engineering workshops for pre-col- 
lege guidance c\)unselors and .sci 
ence/malh teachers; 

c) propagation of successful pre-col 
lege engineering programs. 

rv. Other Initiatives Include: 

A. Establishing an engineering education 
roundtable with indust^y^ professional soci- 
ety, and jirivate foundation participation 

b. Convening a meeting of university presidents 
and provosts with high level mdusirial repre- 
sentation to articulate and discuss the trans- 
formed NSF vision of integrating education 
and re .search. 

Cl In\'olving a liroader segment ol' engineering 
employers, including small industries and 
non-lradilional employers, in partnerships 
with academe, government entities, NAIE 
professional scuieties and AIMVf to provide 
input and inielleelual resources to engineer- 
ing education reform. 

I). I'orming regional jiarineishijis to coordinate 
and evaluate K-14 outreach programs, under 
the k'aderslnp of engineering deans woiking 
with their own indusiiy boards and profes- 
sional educators 
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Appendix C: 



Backgroutid Materials 

Systematic Engineering Education Reform: An Action Agenda 



Why Are We Here? 

'l liis workshop is about getting on with it — “it“ 
being the matter we have all heard, talked, and read 
about so much in recent ycais — workable, systemic, 
long-term change in the w'ay undergraduate engineer- 
ing education is carried out. You Lire here because you 
represent industiy. academe, government, profes- 
si('>nal societies, and accreditors Lind because you are 
innovLitors. enablers, implementors, and committed 
nationLil team members whose insights Lind shared 
experiences can come together in a plan for Lictionlo 
guide future NSI' investment. 

Wliat Does NSF Want and Wliy? 

NSI ‘.s prune focus is to enable the nat ion’s capacity 
ttj perform thrtnigh li holistic inx'e.stment in fundamen- 
tal research and ediicatit)n. I he I oundation has dem- 
onstiLited its willingness to support x'entures in litclis 
tliLit Lire riskier than those that universities or industiy 
are w ailing to imdem rite Lilone. 'The laigineeiing TaIu- 
calion ('oalitions are good examples, lis are the luigi- 
neering ReseLircli C^enteis. 'I'he Canililions b'..*gLin lis 
experimental venluies, each committed to its own. 
self-selected approach to the achic-vement of common 
goLils — curriculum innoxaition, creLiti\*e new' Lip- 
proLK hes to the deliveiy of undergiLiduLite engineering 
education; li sub.stantial increase in the number of 
engineering degrees awardeel to members of un- 
derrepresented groups — all focused on crcLiting an 
integrative undergraduate engineering experience 
Theie are now eight (axilitions involving 60 institu- 
tions. Ail engLige in outrcLich to high schov)ls Lind two- 
\eai colleges 

I ndcMgraduLile curiicula reside in the ediic:itional 
spectrum bi'tween high sciiool Lind giadiiatr- studies 



or Li career coupled watli lifelong learning; in some 
cases, a portion of the curriculum is delivered through 
a nvo-ycLir college. A successful vision for systemic 
reform denKinds li clear \ iew' of this spectrum Lind of 
the continuity recjuired to implement Lin Liction Ligenda 
for the entire undcrgiLiduate experience. 

Hie Coalitions, together w'ith other educationLil in- 
novations sponsored by N\SF in recent ycLirs. have 
Lil ready produced valuable information about some 
Lipproaches that work, lixamples are integiLition of 
design concepts into the curriculum Lit all lex els; hori- 
zontal integration across engineering, the basic sci- 
ences, mathematics, Lind humanities; and a soli change 
in faculty perspective, away from I he traditionLil deliv- 
eiy of information and to w' aid the development of 
students lis emerging engineering [irofessioiiLils and 
lil'e-long leLirners. Some approaches tried by VLirious 
CoLilitions Iilwc* not w'orked Lind Ikin'c* been chLinged 
or abandoned. NS!' understands risk and does not 
exfiect that all experiments will succeed. On the other 
hand, NSI- will not support continuation of unsatisfac- 
toiy Lipproaches just lx*cLiuse ihey lui\’e been created. 

What Will NSF Do With the Results of 
Our Effort? 

Lasting, systemic change reijuires that successful in- 
iKwations be insiitutiomili/cd so that faculty come to 
\'iew' them lis the norm, li tLisk substLintially more dilfi- 
cult tliLin drweloping the inno\'Litions lliemselves. 'The 
r.ngincering DirecloiLite leadership is Lisking lor your 
best Lid\ ice in clHining how this tLisk sliould bi.‘ aceoni- 
phshed. wliat should be done next, who should be the 
Ligents ol change lor implementing the \ Lirioiis step.sof 
the action LigendLi. lukI how \Sf' leadership Ltnd ii' 
\estnu ml can best lx* dtieclcd to sujiport this Ligenda. 
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Engineering Education for the 21st Century: Why, What, How? 



Why Change Now? Challenges to 21st Century 
Engineers 

• Intelligent technology offers greater creative op- 
pommity; ability to work smaller; 

• Cjlobal workplace demands multi-cultural skilN 
expanding social infrastructure needs talent tor 
complexity; 

• Massively-integrated populations place environ- 
ment, health, and safety at the front end of design; 

• Hclectic, constantly changing work environment 
calls for astute interpersonal skills; 

• C flanging demographics; success in sending a di- 
verse customer liase requires a diverse workforce. 

A Change to What? Characteristics of 21st 
Century Engineering Education 

Broad structural and cultural, rather than incremen- 
tal. changes in undergraduate engineering education 
are recjuired. As the focus for this change, graduates 
must be educated to: 

• I 'nderstand the functional core of the engineering 
process, 

• Analyze and synthesize; formulate problems and 
M)lve them; lK*C(^me Liclept at group problem-solv- 
ing strategies; 

• 1'hink across disciplines (lateral thinking) as well 
as in disciplinaiy depth (veilical thinking); 

• O^mmunicate ideas effectively t(^ diverse groups, 
including non-engineers; aet both independently 
and as a team member; 



• Recognize, contribute to, and enjoy the relation- 
ship of the engineering enterprise to the so- 
cial/economic/political context in which they live 
and work; 

• Develop the motivation, knowledge base, and in- 
tellectual capability for career-long learning. 

How to Change? Characteristics of 21st Century 

Education 

To achieve these results, engineering education 

must: 

• Place primaiy emphasis on the development of 
students as emerging professionals; 

• Make the study of engineering attractive, exciting, 
and fulfilling throughout; seriously engage stu- 
dents in engineering from the day they matricu- 
late; 

• Make active learning the predominant engineer- 
ing student learning mode; 

• Draw engineering faculty to a dedicated iii\’cst- 
ment in the teaching of undergraduates; 

• Increase the diversity of student academic back- 
grounds and the numbers of wx^men and under- 
represented minorities who succeed in engineer- 
ing study; 

• Give students an appreciation for the realities of 
engineering practice through regular, well- 
planned interaction with industiy. 



The Action Agenda: Challenges and Questions 



'fbe Action Agenda must respond to the challenges 
and (juestions implicit in realizing the new paradigm 
for engineering education in the 21st C^entiiry*. 'fhese 
challenges im lude: 

Changing the Culture on Campus for 
Engineering Education 

\X'e must ('hange the usual engineering school ;u ;i 
tkauK culture, ffntv can uv. 



Redefine faculty roles to support the new para- 
digm? 

Realize a faculty reward and recognition system 
that suppcM'ts the redelined roles? 

laicourage faculty to iiu'cst their effoils in engi 
neering education’'' 

Hnahle students to irorh smarlcr and be moie 
mvolved in their education’'' 
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• Infuse <.‘QI concepts into both educational pro- 
cess and content? 

• Adapt college, depailinent. and other institutional 
structures to encourage the changes needed? 

Resources: Human, Financial, and Other 

Hngineering education today is highly resource-in- 
tensive, requiring significant investmenls in faculty, 
support .staff, and facilities. Hence, innovative use of 
resouices and maxinuim leveraging of multiple 
sources of support will be critical to successful im- 
plementation and institutionalization c>f the new' para- 
digm. How can ivc: 

• Leverage multiple sources of suppoil to provide 
the resources needed for 2bst C^entuiy engineer- 
ing education? 

• I'orm effective, resource-sharing partnerships 
among engineering schools? 



• Structure engineering school pailnerships w'ith in- 
dustiy to offer appropriate incenti\ es to both par- 
ties? 

• Structure future NSI' investment most effectively 
to stimulate and encotiragc broad-based change 
in engineering education? 

Maintaining the Change 

Beyond realizing the engineering education para- 
digm for the 21st Centuiy. w^e must sustain the change 
so that the new paradigm becomes the norm. How 
caii we: 

• Help institutions maintain the clKinges they make 
to reLilize the new’ paradigm? 

• Stistain. on a long term basis, enhanced student 
exposure to the w'orld of engineering j:)ractK'e? 

• Suppoil ABl-yr efforts to encourage and sustain 
the newv paradigm? 



lb 
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Appendix D: 

Workshop Schedule 



Systemic Engineering Education Reform: An Action Agenda 

A Works Ik )j') Sponsored by the NaticKial Science I'cHindation kngineerini; Direclorat .• Arlington Kc-naissance 
Hotel, Arlington. \ A. July 1 1-13. b)9^ 



Schedule 



Day I: Tuesday, July 11 




1 ;(K) jMll 


Introduci ion 


I'lnst Peden 


1.10 pin 


I\*rspectivc: 1 low We Ciot I lere 


Willenbrock 


1 ;3o pin 


Pcrspectiw: Engineering Employer Needs 


McMa.sters 


2.00 pin 


PersfX'Ctixe: Eaigi nee ring Educaticin for 2(.i2() and He\ond 


.\gogino 


2:30 pm 


'File Pkners f('>r 'Franslbrming Engineering Educatic>n: Potential Roles 


Phillijis 


3:00 pin 


break 




3-3ti I'Jin 


'Fhe NSI- 1‘iigi nee ring 1* ducat ion Coalitions Program: Fessems Learned 
and Potential lor Cdiange 


Prados 


1 on pm 


What is an Action Plan? Issues 'Fo Ik* Addressed 


Peden Ernst 


\ M) pm 


( Challenge to Action 


bordogna 


S 00 pin 


Ad|ourn tor Day I 




lAening 


WtM'kshop and Small Croup Leaders Meet io Resc^U e .*\ny Remaining 
(Questions on Small Crc'iup Oj'ieration 




Day II: Wednesday, July 12 




H 30 am 


Instructions to 'Feams 


I'rnsi Peden 


S lO am 


brainstorm: IN aluate ( )ptic>ns 


Individual 1 earns 


In 00 am 


break 




in 30 am 


Conx erge* to Prelimmaiy Recommendations 


Indixidual Feams 


1 2 00 no( >n 


Lunch; Recorders Prepare Recommeixlation Summaries 




1 3‘* I'm 


.'share Ret ominentlatuM'i Summaries .\inong Feains; 
Cticstions t( )i ( 2arilicaiion ( )nly 


Peden E.rns! 


2 on pin 


Evaluiife PieliminaiA' I'ecomnK'ndali' >ns 


Rc’ccmsiiuited 'Feams 


3 on pin 


break 




30 pm 


<^>n\ ergc to Rex isctl Rec omnK'iKlalions 


Reconstituletl 'I earns 



1 1 






S;()() pm 
Hwning 


Adjourn for Day II 

Workshop and Small Group Leaders Meet to Ad)ust Day III Strategy. As Needed 



Day III: Thursday, July 13, 1995 

<S (10 am All Participants Meet in Plenaiy Session to Develop Draft Action Plan; Recorders Share Rev 



^):M) am 
10.00 am 


Recommendations: rarticipants Discuss and Prioiiti/e Recommendations. 'Lo Include- 

• What Needs 'I‘o Be Done 

• ('oiumitment to L'ollow-Dp Action by Specific Cuoups 

• (luidance for NSF- Leadership and Im estment 
L^reak 

( Continue Plenary Discussion 


1 2:00 noon 


\X'or!:.‘^hop Adj(.uirns 



Appendix E: 

Workshop Participants 



Dr. Alice M. Agogino 
Director, Syntliesis (‘oalition 
Assoc. Dean, College of laigincering 
rniversiiy of C'alifornia, Ik’i kcley 
SI .^0 Iiieheveriy I la 11 
Berkeley, c:a 9 i"^2() 

ph (SIO) 6 i2-6 tSO fax: (SIO) 6a3-'^'^99 
e-inail- aagogino^^Jeiiler.herkeley.eLlu 

Dr. Uadhakisluin S. Ikiheii 
Program Director 

Plecirical and Communications Systems Div ision 

National Science Poundatioii 

•i2()l W ilson Boulevard, Suite (kS 

Arlington, \'A 22230 

ph; r^()3) 306-1339 fax: ( '03 ) 3O6-030S 

e-mail rba hetR") nsf.gov 

1 )r. P'leanor Baum 

Prc‘siclent. American .Society for Hiigineering 
Education 

I )ean of Hngineering 

file ( hooper I *nion 

S I Astor Idace 

New \'ork. NV 1(1003 

ph. (212) 3S3-I2HS fax ( 2 1 2 ) 3^3-i3 1 1 

e-mail. baunU^cooper edu 

Dr. I ( )seph B( )icl( )gna 

.Assistant Director for luigmeei ing 

National Science P'oundation 

i201 W ilson Boulevard. Suite SoS 

Ailington, \'A 22230 

ph- C’ 03 ) 30()13()0 fax. (' 03 ) ,^0()-02.s9 

e-mail jbordognfr/^nsf.gov 

l)i 1 laiold D. Brodv 

Dtiecloi, Pngineeiing At ademy of Southern New 
Hngland (HASNI* Coalition ) 

Dean of Hngineering 

I mveiMtvol C.onnetticul 

stoiTs. ( rr 0()269-323^ 

ph (S(U)) iH() 2223 la\ (S()0) iS()031S 

e mail brody ’«)eng2.uconn.cdu 



Mr. Ronald Carle 
Manager of Proieds 
Stone tS: Wel'ister, Inc. 

250 W^ 3‘^iih Street 

New York. NY 10019 * 

ph: (212) 290-7438 fax-. (212) 290-'5T5 

e-mail: caiie9999@aol.com 

Dr. David C. C',hang 
President 

Polytechnic I'niversity 

6 Metro Tech Center 

Brooklyn. NY 11201 

ph: (718) 260-3500 fax- ('18 ) 260-3"55 

e-mail: chang@poly.edu 

Mr. Marcus A. Cdarke 

Manager.. i-Aternal lN CJov t. Iklucation iS: iiaining 
Relaticins 

I-ortl Motor C'.ompany. W’orRl 1 leatkiuartcrs 
i'he American Road. Room 306 
Dearborn. Ml 48121 

ph: (313) 322-9231 fax: (313) 845-57(^5 
e-mail: 

Mr. Brut'e C. (a)les 
(.chairman. President, anti CI-X) 

Stone <S: Webster, Inc. 

250 W' 3ath Street 

New York. NY 10019 

ph: (212) 290-' iO i fax: (212) 290-'’5'5 

e-mail: 

Dr. Denice D. Denton 

Pi(')fess(')r of I- led ri cal and Computer Pngi nee ring 
I 'niversity of Wisconsin. Madison 
.1 1 15 Johnsoii Driv’e 
Madison. Wi 537()(-) 

ph (608) 263-23S-1 fax (()08) 265-261 i 
t‘-mail: tlenl()n@janus. ece.wisc.edu 






Dr. Hclwarcl W. BrnM 

Allied Signal Professor 

I ni\ ersity of South C'arolina 

Swearingen Fngineermg Center 

Coliiinbia. SC 29208 

ph- (803) 777-7990 fax- (803) 777-S0a5 

e-!nail. ernst^ece scarnlina eclu 

Dr Karen I'rair 
Foundation (Coalition 
I ntwrsity of Alabama 
Box 8"020() 

'fuseakK^sa. AL 3S'187-()200 

ph: (20S) 3-l8-'i090 fax; (20S) 3-18-1088 

e-niail: kfrair@ua lvm.ua.edu 

Dr Idi F'romm 

Director, Ciateway Coalition 

X'ic'e Prox'o.st, Ciiaduate Studies l^esearch 

Drexel I ni\ ersity 

32ncl and cniestnut .Streets 

iMiiladelphia. PA I9l0 i 

ph (21S) 89S-2201 fax: (21S ) 89S- 10S6 

e-mail: I rommev{/)duvin. ocs.drexel.edu 

Mr. jerrier A. 1 1 add ad 

Ikesident. Acxreditation Board for Imgineciing cS: 
Technology. Inc. 

\ ice President. IBM - Retired 

162 Macy Road 

Briarcliff Manor. .\Y lOSK) 

pU (8U)O.il-70i6 fax; (811) 9 1 1-1868 

e-mail iahaddad@aol com 

Dr Leo IM lamfin 

Director. Crcenfield Ccxililion 

Dean. College of Faigmeering and Science 

I niversity of Detroit Mercy 

P O. Box 19900 

Detroit. Ml M8219 

[)li (313)993 1216 fax (313)993-118^ 
e-mail: lumfinlY>aidinercy edu 

I )i John (' ! liiit 
IMogi .im 1 )iieclor 

I ngineenng Ikkuatjon and ( '.(.‘nteis Di\'i^lon 

National Scieiue l'( aind.ilion 

i20l W'llson BoulcN'ard. Suite S,ss 

Ai Imgti >n. \‘A 222-^0 

ph i“o3)3()() 1380 lax (‘"oA i 3o(j 03^(1 

c mail limit// nsf go\ 



Dr. Gretchen Kalonji 

Kyocera Professor of Materials Science ^ Engincca ing 
University of Washington 
Roberts Hall, FB-10 
Seattle. WA 98195 

ph: (206) 5'\*^-ll 15 fax; (206.) 543-3100 
e-mail: kalonji@inbingum.mais.\\’ashington edu 

Dr. Donald V.. Kirk 

Dean of Fngineering 

San Jose State l.4iiversiry 

San Jose. CA 9S 192-0080 

ph: (408 ) 924-3800 fax- (408) 924-3818 

e-mail: clkirk@isc.sjsu.edu 

Ms. Caryn Korshin 
ILxxon Fducation F'oundation 
225 B. Carpenter Treeway 
living, ITC 75062 

ph: (214) 444-1104 fax: (214) 4 i4-l i05 
e-mail: eaiyn.g.korshin@exxon.sprint.com 

Dr. Kenneth R. Laker 

Vice President for Educational Acti\4ties. Institute ol 
Elecrical and Electronics Engineers. Inc. 

Professor of Electrical Engi nee ling 
University of Pennsylvania 
Philadelphia. PA 19104-6314 
ph: (2i5) 898-5340 fax: (215) 5 - 3 - 2 O 68 
e mail: laker@ee.upenn.edu 

Dr. Peter Y Lee 

Dean ('if Engineering 

California Polytechnic StaR* University 

San I ins Ohi.sj'io. CA 93-iO^ 

ph (805) ’^56-2131 fax (805 ) ^5()-()503 

e-mail: di()08@oa.si.s.calpoly edu 

Dr. Marshall M. Lih 

Director. Eaigincering Iklncation cN Centers Division 
.\ati()iial Science Tounclation 
i201 W'ilson Boulex ard. Suite 585 
Arlington. \'A 22230 
ph: C^03) .306-1380 tax. ('*03) 30()-0^2(> 
e-mail. inlih@n.sf.gov 

1)1 Jolinll .Me.Mastcrs 

.Sente )t Princtixil laigmeei. .-\ei' xlynamics Engineering 

Boeing Ciommeictal Airplatv; (iroup 

P (). Box Vir. Mail Stop 61 1-LR 

.Seatllc. W'A 98l2i-220“" 

ph (2(K)) 23*^- 15 i2 tax ( 20('> ) 23"' - 1831 
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Mr. Lawivncc \V Mi Ins 
PlVSRlL‘nt 

!' W'. ( )lin \\ )iiiKhili( JH, Inc 

“’HO 'Mil 1x1 A\ L*niiL*. Suite 3 

\ew ^ ork, NV 1001 )90 

l^h- il\l) H32-OSOH hi\. (212) 0^-^S-90HS 

Dr \\*nkatc‘sli Naniyanainiirti 
Dean of laigineenni; 

1 ’ni\ ersity o( (lalilornia, Santa Barhara 
Santa Barbara. C!A9.'^106 
pli; (HOS) ( I fax: (SOS) S9.VS12! 

c‘-mail. \ enky/^;eni»ineennt». iiesb.edu 

Di Irene (; Peden 
Prolessor laiieiita 
I ■nn ersiiy of \\’ashlI\^ton 
S'S2 Sand Point Way 
Seattle. WA 9H1 IS 

ph. (206) S2^-0^.S-j tax: ( 20() ) S2"'-19.^H 
e-mail ipedc-ni^'maxwell ee washini^ton edu 

Dr. CK*ori»e C* Peterson 
Pxeexitn e Director 

.\ccicxlilation Hoard tor Pni»ineei ini; cS: rechnok\t»y. 
liR- 

1 1 I Market Place*. Suite lOSO 
Baltimore. Ml ) 2 1 202 
ph ( { 10) s r-^^io fax ( ilO) ('>2S*22.-\S 
e-mail i»peterson .aabet ba md.ii^ 

Dr W'intrecl M Phillips 

Presiclc‘nt Idcct, American Societ\' lor Ia\uineermi» 
I'diuation 

Boaid ot CioNcriKM'', .\mc“iit an Society iit .Mec hanical 
l^nL^ln5.^•r‘^ 

1 )c\m ot Hnc»inc‘ei in.u 
I no ei Mtv ot i-londa 
( iamesvillc*. I*L S2()l l -()SSn 
ph ( on 1 ) -^02 (>n()u tax. ( OO i ) S62 0(>^S 
e mail w pbibu*nt^nct ufl c*dii 



Dr. Martin R. Ramirez 

PmfosscM’, C‘o liege of 1‘ngineering (S: Sc'ience 
rnnxnsity of Detroit .Merc*y 
■lOOl W. .McNichols Road 
Detroit. Ml iH2l9 

ph. (3IM 99.VI 19.S tax (SLM 99.-^-! lo6 
e-inail ramirez@udmercy edu 

Dr. Linton (.i. Salmon 

Assoc Dean. College of I:ngineering <S: ’Technology 
Brigham ^VHlng rni\'ersit\- 
2^0 CB 

Provo. I'T H i()02 

[■>h: (HOI )'S^H-(S2“' lax. (Sol ) S^S-S^nS 
e-mail: salinon/?ee byu.eclu 

Dr. (dialmers I*. Sechrist 
Program Director 

Di\ isic')n of rnclergradiiate Iklucation 

National Science I-oundaticai 

“i201 WiLson Boulevard, Suite SjSS 

Arlington, \'A 22230 

ph. (703) 30f')-l66T’ fax: (703) .'^OO-O i iS 

e-mail: cseciiris®nsf.go\' 

Dr. Parnest 'T Smeixk in 

Chair, laigineering Dc*ans (..‘ouncil. Americ'an Socaety 
tor Laigineering Hducation 
Dean. Caillege of P.ngineering cN .\Iines 
rni\ ersity of Arizona 
Tucson, A/ SS"2 1 

plv (S20) 621-()S9 1 fax: (S20) ()21-2232 
e-mail - stnerdoiv^^ari/ona.edu 

Dr laccjiic'line Sullnan 

DireeXor. (Center tor lntegratc‘d ’Tc*ac lung cS. Learning 

rniversily ot C!olorad<i 

I'Nei ( !enler. Rm C.I* 1 .02 

Boulder. c:0 S0300-0i2l 

ph (30<) p)2-39"2 tax (.S03) i02-13i^ 

c*-mail sullwRcadsw es c olorado.edu 



Di lohn Pr.idos 

,Sc*nioi I ducMtion Associate 

r.ngiiu*ering Pducation and ( \*ntc*is Dn ision 

National Sc ic‘ncc* l oundation 

i2ol Wilson Boule\aicl. Suite* SSS 

\ihnuton \.\ 222*'a) 

ph i-^so lax ( ""i ) M si km >.!0o 

e null ij M.ick )s^/ utk c*( In 



1 )r Timothy N 'Trick 

Piotc*ssor cN ilc'ad. Llecaiical c\ (’omputei 1'nginev‘ring 
I nivcMsity of Illinois 
1 ii )() W’c'si (. irc*c*n .Stu*ei 
I ibana, 11. (>lsni 

jdi I 2 1 "“ ) 2 *^1 ) I lax I 2 1 ' 2 I 1 "'o ’S 

e mail ti ic k '/ c*c c nuu i*du 
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Dr. I )hn \ ancicr Sancic 
InicTim Dean of Ungincerinj^ 

MIT 

MassachuscUs Avenue. l-2l)6 
C'.ainl uiclge, MA 02139 
ph: i()D 253-3292 fax- (617) 253-85 i9 
e-mail maj<Seagle.niit edu 

Dr. M. Lueiu.s W’alkei, Jr. 

Direc tor. F'ngineenng (x)alition inr r.xeellence in 
ITlueation and Leadership (HCSHL) 

Orofe.s.sor, Sc hool of Hngineering 

I loward \ niversity 

\\'a.shini»ton, D(! 20059 

ph. (2()2) 806-6565 [ax: (202) 162-1810 

V --mail. \valkert/)echo. umcl.edu 

.Mr. Donald W'einert 

I'xeeutive Director Hmerilus 

National Society of Professional l*ngineers 

8121 Dunsinane Court 

Mclx*an. VA 22102 

ph- (”03) 356-6851 fax: (7()3) 356-31.^0 
e-mail: d\\einert@n.spe.oiy4 

Dr. !-■ Karl W'illenl'irock (Deceased) 
c ionMillanl 

P lO New I lampshire Ave . NW, I 'nit H 
Washington. DC 20009 

l)i. 1 Richard W illiams 

Diivc toi\ Southern C.alifornia Coalition lor ITIucation 
in Manufacturing hngineering (SCCI-MID 
1 )ean of laigineering, (ailitornia Stale t niv ersity — 
Long Beach 

125() Belltlower Boulevard 
Long Beach. c^.-\ 908 i0 
ph (310)985-5190 fax ( 310) 985-8^3(> 
c--mail irw//.engr csulh edu 



Dr. David N W\)rinley 

Dean of Engineering 

’Lhe Pennsylvania State I'niversity 

10 1 Hammond Building 

I'niversity Park. PA 16802 

ph: (8 LO 865-7537 fax: C8Li ) 863-i7-i9 

e-mail: dnwclo@engr.psu.edu 

Dr. James 'f. P. Yao 

Chair, Steering Ck)mmiltee, 1995 American Society of 
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CETTIN6 NSF INFORMATION AND PUBLICATIONS 

The National Science Foundation (NSF) has several ways for the public to receive information 
and publications. Electronic or printed copies of the NSF telephone directory, abstracts of 
awards made since 1989, and many NSF publications are available as described below. To 
access infortnation electronically, there is no cost to you except for possible phone and Internet 
access charges. Choose the method of access that matches your computer and network tools. For 
general information about Internet access and Internet tools, please contact your local computer 
support organization. 



WORLD WIDE WEBt 
NSF HOME PACE 

The World Wide Web (WWW) system 
makes it possible to view text material 
as well as graphics, video, and sound. 
You will need special software (a “web 
browser”) to access the NSF Home 
Page. The URL (Uniform Resource 
Locator) is http://www.nsf.gov/. 

INTERNET CORNER 

The Internet Gopher provides access to 
information on NSF’s Science and 
Technology Information System 
(STIS) through a series of menus. To 
access the Gopher, you need Gopher 
client software; the NSF Gopher server 
is on port 70 of stis.nsf.gov. 

ANONYMOUS FTP (FILE 
TRANSFER PROCRAM) 

Internet users who are familiar with 
FTP can easily transfer NSF 
documents to their local system for 
browsing and printing. The best way 
to access NSF information is to f,rst 
look at the index (file name: 
index.txt). From the index, you can 
select the files you need. FTP 
instructions are: 

■ FTP to stis.nsf.gov. 

■ Enter anonymous for the user name, 
and your e-mail address for the 
password. 

■ Retrieve the appropriate file (i.e., 

nienamc.ext). 

E-MAIL (ELECTRONIC-MAIL) 

To get documents via e-mail, send your 
request to the Internet address 
stisserve@nsf.gov. The best way to 
find NSF information is to request the 
index. Your e-mail message should 
read: getindex.txt. An index with file 
names will be sent to you. However if 
you know the file name of the 
document you want, your e-mail 
message should read: 
get <fllename.ext>. 



E-MAIL MAIUNC LISTS 

NSF maintains several mailing lists to 
keep you automatically informed of 
new electronic publications. To get 
descriptions of the mail lists and 
instructions for subscribing, send your 
request to: stisserve@nsf.gov. Y out 
message should read: get stis^irm.txt. 

ON-UNE sns 

NSF’s Science and Technology 
Information System (STIS) is an 
electronic publications dissemination 
system available via the Internet (telnet 
to stis.nsfgov); you will need a VTIOO 
emulator. The system features a full- 
text search and retrieval software 
(TOPIC) to help you locate the 
documents. Login as public and follow 
the instructions on the screen. 

To get an electronic copy of the “STIS 
USERS GUIDE,” NSF 94-10, send an 
e-mail request to: stisserve@nsf.gov. 
Your message should read: 
get NSF9410.txt. For a printed copy of 
the “SnS USERS GUIDE,” see 
instructions “How To Request Printed 
NSF Publications.” 



NON-INTERNET A«ESS 
VIA MODEM 

If you do not have an Internet 
connection, you can use remote login 
to access NSF publications on NSF’s 
on-line system, STIS. You need a 
VTIOO terminal emulator on your 
computer and a modem. 

- Dial 703-3064)212. 

■ choose 1200, 2400, or 9600 baud, 

■ use settings 7-E-l, and 

■ login as public and follow the on- 
screen instructions. 
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HOW TO REQUEST PRINTED 
NSF PUBUCATIONS 

You may request printed publications 
in the following ways: 

■ send e-mail request to: 
pubs@nsf.gov 

■ fax request to: 703-644-4278 

■ for phone request, call: 703-306- 
1130 or Telephonic Device for the 
Deaf (TDD 703-306-0090) 

■ send written request to: 

NSF Forms and Publications Unit 
4201 Wilson Boulevard 
Room P-15 
Arlington, VA 22230 

When making a request, please include 
the following information: 

■ NSF publication number; 

■ number of copies; and 

■ your complete mailing address. 

QUESTIONS ABOUT NSF 
PUBLICATIONS/ PROCRAMS/ 
ETC 

Contact the NSF Information Center if 
you have questions about publications, 
including publication availability, 
titles, and numbers. The NSF 
Information Center maintains a supply 
of many NSF publications for public 
use. You may: 

■ visit the NSF Information Center, 
located on the second floor at 4201 
Wilson Blvd., Arlington, Virginia.; 
or 

■ call the NSF Information Center at 
703-306-1234; or 703-306-0090 for 
TDD; or 

■ send e-mail message to 
info@nsf.gov. 

QUESTIONS ABOUT THE 
ELECTRONIC SYSTEM 

Send specific, system-related questions 
about NSF electronic publication 
services that are not answered in this 
flyer, to webmaster@nsf.gov or call 
703-306-0214 (voice mail). 
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OFFICIAL BUSINESS 
PENALTY FOR PRIVATE USE $300 

RETURN THIS COVER SHEET TO ROOM P35 IF YOU DO 
NOT WISH TO RECEIVE THIS MATERIAL □ . OR IF 
CHANGE OF ADDRESS IS NEEDED □ , INDICATE 
CHANGE INCLUDING ZIP CODE ON THE LABEL (DO NOT 
REMOVE LABEL). 
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